Purpose. We aimed to define the microbiological characteristics of diabetic foot infection in patients in the Beijing area and to explore the demographic and clinical factors correlated with pathogen distribution.
INTRODUCTION
The prevalence of diabetes in China has increased dramatically from 0.67 % in 1980 to 10.9 % in 2013 [1] , making China the global leader in diabetes prevalence. Patients with diabetes mellitus (DM) often present with foot infections and injury. Indeed, approximately 15-25 % of patients with DM develop diabetic foot (DF) [2] [3] [4] . DF infection (DFI) is the most common cause of hospitalization and nontraumatic amputation in patients with DM [5] [6] [7] . DF is usually associated with a poor prognosis.
Retrospective studies in China have shown that the proportion of amputation caused by DF is 19.03-27.3 % [8, 9] . In one cohort study of eight hospitals across China, the annual incidence rates of ulceration in patients with DM and amputation in patients with DFI were found to be 8.1 and 5.1 %, respectively [10] . Epidemiological studies have shown that DF problems are more severe in patients with multiple risk factors and are associated with increased medical costs in northern China [11] .
Until recently, the majority of studies on the microbiology of DFI had been conducted in North America and Europe. In these countries, Staphylococcus comprises the most prevalent genus in wounds analysed by both culture and molecular technologies [12] [13] [14] . Gram-negative pathogens, particularly Enterobacter spp. and Pseudomonas aeruginosa, are frequently reported in DFIs in Asia [15] [16] [17] , owing to the effects of the humid environment. Seasonal variations have been observed: warm temperatures have been shown to aggravate the severity of infection and increase the rate of amputation in Southeast Asia [18] . However, to date, no multicentre studies have evaluated the microbiology of DFI in China.
Beijing is located in northern China and is characterized by reduced humidity and lower temperatures compared with areas in Southeast Asia, particularly from September to April. In this study, we aimed to define the microbiological characteristics of DFI in this area by analysing data from a retrospective multicentre surveillance of the diagnosis, treatment and prognosis of DF in Beijing, supported by the Beijing Municipal Science and Technology Commission (fund process number D141107005314003). We also explored the demographic and clinical factors correlated with pathogen distribution in this area. Our findings may provide insights into the development of appropriate therapeutic strategies for the management of DFI in this area.
METHODS

Study design
This study was part of a retrospective multicentre surveillance of the clinical diagnosis, treatment and prognosis of DF in Beijing, China. It was conducted at six tertiary hospitals (Peking University First Hospital, Beijing Jishuitan Hospital, Beijing Tongren Hospital, Beijing Dongzhimen Hospital, the 306th Hospital of the Chinese People's Liberation Army and Aerospace Center Hospital), which covered most populated urban areas. The other two secondary hospitals (Beijing Fengtai Hospital and Beijing Pinggu Hospital) were central hospitals in the suburban area of Beijing.
This study was approved by the institutional review board of Peking University First Hospital and was conducted according to the Declaration of Helsinki (approval no.
[914]).
A retrospective review of the charts from inpatients with DF consecutively admitted to the above eight hospitals from 1 January 2010 to 31 December 2014 was undertaken. Demographic, clinical, laboratory and surgical data were obtained from patient charts, electronic medical records and pathological systems analysis.
Patients and definitions
A total of 996 cases were enrolled in the above retrospective multicentre surveillance of the clinical diagnosis, treatment and prognosis of DF in Beijing. Among these cases, patients with a diagnosis of DFI based on their discharge records and ICD-10 discharge codes were included in this study. A flowchart of the patients enrolled in this study is shown in Fig. 1 . The diagnosis of DFI was made according to accepted definitions in the IDSA/IWGDF guidelines [19] and in consultation with a senior infectious disease physician and endocrinologist. The Wagner grade of patients was classified according to published guidelines [7, 20] . The depth of ulcer and the severity of infection were evaluated by the IWGDF/ IDSA classification system [7, 21] . The ulcers that involved skin and subcutaneous tissues were classified as superficial infection and those that extended to tendon, muscle, bone and joint were classified as deep infection. The microbiological data were collected after the isolation of microorganisms from patients at admission during initial hospitalization, or when they were hospitalized again on presenting with a new ulcer at a different site. All specimens were collected by swabbing after rinsing with saline or by tissue biopsy.
Microbiological technique and bacterial susceptibility tests
The microbiology laboratories in all eight hospitals were National Reference Laboratories in Quality Control Management of Clinical Laboratories, designated by the Ministry of Health. All eight hospitals included in this study participated in the Peking Antimicrobial Resistance Surveillance System (PEKINGNET). The minimum inhibitory concentration (MIC) was determined for each isolate according to the broth microdilution method specified by the Clinical and Laboratory Standards Institute [22] .
Data analysis
Statistical analysis was performed using SPSS 17.0 statistical software (SPSS Inc., Chicago, IL, USA). Continuous variables were presented as means and standard deviations if normally distributed, or medians and 25 and 75 % quartiles if non-normally distributed. Categorical variables were presented as frequencies and percentages of the specified group. Comparisons of clinical characteristics between Grampositive cocci and Gram-negative rods (GNRs) were made with 2 tests, t-tests, or Mann-Whitney tests, as appropriate. Fisher's exact tests (two-tailed) were used if the expected count in any cell was less than five. For all potential related factors, an individual odds ratio (OR) with the associated 95 % confidence interval (CI) and P-value were calculated. To identify independent related factors for GNRs, logistic regression analysis was performed. Factors with a P-value of less than 0.2 in univariate analysis were eligible for inclusion in the multivariate models. Results were considered to be statistically significant if the P-value was less than 0.05.
RESULTS
Baseline characteristic of patients A total of 456 patients who had undergone bacterial culture were included in the study. The culture positivity was 95.4 % (435/456). The baseline and clinical characteristics of all patients with positive cultures are shown in Table 1 . Taking into account the lack of some clinical data, we indicate the availability of data in Table 1 . The age range was 23-97 years. The Wagner grades of all the patients included in the study were as follows: 1, 188 (43.2 %); 2, 18 (4.1 %); 3, 68 (15.6 %); 4, 157 (36.1 %); and 5, 4 (0.9 %). Superficial infection accounted for 43.2 % of cases, while 56.8 % of cases were classified as deep infection. In addition, 201 (46.2 %) patients were recorded with peripheral arterial disease (PAD) and 271 (62.3 %) cases showed diabetic peripheral neuropathy (DPN). According to the IWGDF/IDSA classification system, 205 (47.1 %) cases were classified as mild infection, while the other 230 (52.9 %) cases were classified as moderate infection. There were no severe infection cases in our study. Of the patients with positive cultures, 88 cases (20.2 %) presented with polymicrobial infection, in which two to three organisms were isolated in each specimen.
Total distributions of isolated pathogens
A total of 551 species were isolated from the included patients. Gram-positive bacteria accounted for 39.6 % (218/ 551), whereas Gram-negative bacilli accounted for 57.5 % (317/551). Species of Enterobacteriaceae accounted for 41.0 % (226/551) of all isolates, whereas staphylococcal species comprised 25.4 % of all isolates. Staphylococcus aureus (94, 17.1 %), P. aeruginosa (72, 13.1 %), Proteus spp. (54, 9.8 %), Escherichia coli (51, 9.3 %) and coagulase-negative Staphylococcus spp. (46, 8.3 %) were the most frequently isolated bacteria strains. Five strains of anaerobic bacteria were isolated. The total distribution of the isolated pathogens is listed in Table 2 . Table 2 . 
Antibiotic susceptibility of most frequently isolated bacteria
The results of antibiotic susceptibility testing for Staphylococcus spp., P. aeruginosa and Enterobacteriaceae are presented in Tables 3 and 4 . In Table 3 , we found that all Staphylococcus strains were sensitive to vancomycin and linezolide. The rate of methicillin resistance for S. aureus [methicillin-resistant S. aureus (MRSA)] was 24.5 % (23/ 94), calculated by the resistance rate to oxacillin and cefoxitin. Staphylococcus spp. were highly sensitive to rifampicin. The susceptibility of P. aeruginosa to all kinds of antibiotics was over 60 %. Susceptibility to carbapenem was 84.4-90 % ( Table 4 ). The susceptibility of Enterobacteriaceae to the third cephalosporin was 70.5 % (158/224) according to the results of cefotaxime and ceftriaxone analysis. Additionally, the rate of extended-spectrum b-lactamase (ESBL) production among E. coli isolates was 52.6 %. All strains were sensitive to meropenam, but the rate of sensitivity to imipenem was 94.5 %. The strains that were resistant to imipenem were all from Proteus spp. Enterobacteriaceae and P. aeruginosa strains showed high susceptibility to piperacillin/tazobactam and amikacin (Table 4) .
Clinical factors associated with microbiological distributions
To explore whether demographic and clinical factors were correlated with pathogen distribution, we compared the clinical characteristics and laboratory data among patients harbouring GNRs and Gram-positive cocci. A total of 228 patients for whom complete clinical and laboratory data were available were included in this analysis. In polymicrobial infection cases, the patients were selected into the group of GNRs or Gram-positive cocci if those bacteria were isolated in culture results. The results showed that older age (66.3±11.3 vs 62.0±12.1 years, P=0.003), longer duration of diabetic foot ulcers (median: 60 vs 30 days, P=0.004) and lower glycated haemoglobin (HbA1c%: 8.3±2.0 vs 9.1±2.4, P=0.006) were present in patients harbouring GNRs. Patients with GNRs had higher medical costs during hospitalization (median 27892.3 vs 18 460.5, P=0.001). There were no significant differences in the duration of DM, the episode season, Wagner grading, the depth of ulcer, the severity of infection and the amputation ratios between patients with infections from different types of organisms (Table 5) .
Logistic regression analysis with respect to GNRs
Both univariate and multivariate analyses were performed to evaluate the possible factors related to GNR infection. We recruited factors according to the results presented in [23] , we defined a chronic DF ulcer as an ulcer that persisted longer than 4 weeks. The level of glycated haemoglobin was defined as lower than 8 % to represent good metabolic control. In univariate analysis, age over 60 years, chronic DF ulcers and glycated haemoglobin lower than 8 % were correlated with GNRs (Table 6 ). In multivariate analysis, age over 60 years was an independent factor associated with GNRs when adjusted for confounders (OR, 0.47; 95 % CI, 0.27-0.83; P=0.013).
DISCUSSION
Method of specimen collection: swabs or tissues Several studies have investigated the relationship between the specimen collection method and the numbers and types of organisms recovered from wound infections. Tissue sampling has been reported to yield more pathogens and more organisms overall than swabbing in these studies [24] . The sensitivity of swabbing for identifying Gram-negative bacteria, such as E. coli and Citrobacter, is lower than that of tissue sampling [25, 26] , and greater proportions of anaerobes per positive culture are found from tissue specimens [13] .
In our research, more specimens were collected by swabbing, which was limited by the retrospective nature of the study. However, all wound swabs were collected after effective wound cleaning with saline. Notably, there were no significant differences in culture positivity among both types of specimens, and more GNRs isolated from swabs than from tissue specimens. In papers comparing the type of specimens in DFI diagnosis, some researchers have shown that swab culturing may be reliable for the identification of pathogens in DF wounds classified below grade 2 or in initial monitoring of DFIs [26, 27] . In our study, the number of patients with Wagner grade 1 and 2 was similar to the number with Wagner grades 3-5. This could explain why swab specimens yielded approximately the same culture results as tissue samples.
Distribution of bacteria and relevant clinical factors related to pathogens
Investigations in areas with a warm climate (particularly India, but also the Middle East and Africa) have found that the most common isolates are GNRs, e.g. P. aeruginosa. The reasons for the differences between these results and those in western countries may be foot sweating caused by the hot climate, the high incidence of patient self-treatment with antimicrobials and suboptimal perineal/hand hygiene [28] .
In our study, species of Enterobacteriaceae dominated among all isolates, and Staphylococcus spp. ranked second.
Patients with older age and longer duration of DF ulcers showed increased isolation of Gram-negative bacilli. However, there were no significant differences between different pathogens with regard to the episode season, the Wagner grade, the depth of ulcer and the severity of infection. Some reports have shown that Gram-positive bacteria are predominant during the early stages of infection and in patients with mild infections [29] . However, in our study, the Enterobacteriaceae family was the most frequently isolated organism, despite the fact that more than 40 % of cases were classified as Wagner grade 1 and superficial infection. In this study, we attempted to analyse this disparity through evaluation of demographic and clinical data.
Few papers have described both the clinical and microbiological characteristics of DFI. The median duration of diabetic foot ulcers in our study was much longer than that in a report from Portugal (60 vs 30 days) [30] . In Table 1 , we can see that half of the patients present with comorbidities, including cardiovascular and cerebral vascular diseases. And some patients were hospitalized due to acute and chronic complications of diabetes. Many patients with DF in China were more willing to receive treatment with traditional medicines at the emergence of ulcers, particularly older patients. Additionally, in a review published in 2013, over 50 % of outpatients in China were prescribed antibiotics [31] . The high incidence of self-treatment with antimicrobials may be another cause of delayed medical treatment. These types of chronic and previously treated wounds, resulting from delayed treatment or self-treatment with antimicrobials, particularly in older people, may be the reason for the predominance of GNRs.
Glycated haemoglobin (HbA1c) lower than 8 % was also shown to be related to Gram-negative bacilli in univariate analysis. This unique relationship has also been observed in a study of patients in Spain [32] . In our analysis of patients with HbA1c of lower or higher than 8 %, we found that lower HbA1c was accompanied by older age and longer duration of DM and DF ulcers (data not shown). Thus, this parameter was not an independent factor associated with a high risk of GNR infection. These findings were confirmed in our multivariate regression analysis, which concluded that only age over 60 years was an independent factor.
Presentation of antibiotic susceptibility in the Beijing area With regard to antibiotic susceptibility analysis, we found that the prevalence of MRSA was 24.5 %, which was much lower than that seen in the surveillance of bacterial resistance across all areas of China, including all types of specimens [33, 34] . However, this incidence rate was slightly higher than that (7.61 %) reported in another study in southern China, which involved complicated skin and soft tissue infections (cSSTIs) [35] . Thus, there does not appear to be a need for initial treatment for MRSA in patients with cSSTIs, including DFIs, in our area. The current strategy for treatment according to established international recommendations seem appropriate [36] .
Enterobacteriaceae, especially E. coli present high resistance rates to third-generation cephalosporins in susceptibility analyses across China [33] . In our study, we found that this resistance rate was lower than that seen in the other types of specimens surveyed in China. However, the rate of ESBL production in E. coli was comparable to that of studies performed in China. Moreover, the susceptibility of P. aeruginosa to all kinds of antibiotics was similar to that seen in national studies. These findings indicated that the resistance profile of Gram-negative bacteria in DFI was comparable to that found for other infective specimens. These findings may provide evidence for the development of improved treatments in DFI.
There were several limitations to our study. First, the number of patients enrolled at each centre was quite different owing to the different patient intake capacities of the hospitals. Hence, selection bias might be unavoidable. Second, we were not able to analyse the relationships between antibiotic usage and culture results due to missing data about antibiotic usage before admission in the retrospective study. Finally, instead of long-standing ulcer duration, the proportion of anaerobes was very low. This might have been a result of defects in the sample collection and transportation. The laboratory equipment and techniques for performing anaerobic cultures are not perfect.
In conclusion, we performed a comprehensive microbiological survey of infected DF ulcers in patients in the Beijing area, which is located in northern China. GNRs, particularly Enterobacteriaceae, were the most common organisms in this study. The presence of GNRs was associated with older age, longer duration of DF ulcers and lower HbA1c. Age over 60 years was an independent factor related to GNRs, and the prevalence of MRSA in DFI was lower than that seen in other specimens in Chinese patients. GNRs present high sensitivity to piperacillin/tazobactam, carbapenems and amikacin.
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